INTRODUCTION
Voles of the genus Microtus occur in temperate and boreal zones of Europe, Asia, northern Africa, and North America. Latitudinal variation in size has been studied in several species of Microtus. The results of these studies are of three types relative to Bergmann's rule: two species obey the rule (Southern, 1964; Tast, 1966) ; five species do not (Hall, 1935; Dale, 1940; Stein, 1957; Anderson, 1959; Findley & Jones, 1962; Choate & Williams, 1978) ; one species obeys the rule in some instances but net in other instances (Dale, 1940; Goin, 1943; Snyder, 1954; McNab, 1971; Martell, 1975; Snell & Cunnison, 1983) .
The Japanese field vole, M. montebelli, is an endemic Japanese species that occurs in Honshu and Kyushu and on Sado Island. Latitudinal variation in this species previously has not been investigated. This paper presents data on latitudinal variation in skull dimensions in M. montebelli and compares the patterns of variability found with these in several other species of Microtus. on Sado Island (Table 1) . Specimens (109 males, 76 females) from the Iwakura population, Kyoto, were collected bi-monthly for a year in order to assess seasonal variation. Other populations were sampled just once. Latitude, longitude, and altitude of the collection sites were determined by topographic maps (scale 1:25 000 prepared by the National Geographical Institute of Japan. The area of each collection site was estimated from a map. The specimens collected were preserved in 10% formaldehyde solution in the field after external measurements were taken. Skulls were extracted and cleaned prior to taking cranial measurements. Dimensions were compared in adults because Zejda (1971) pointed out that somatic growth is closely correlated with sexual maturity and may not be correlated with actual age. Females were considered to be mature when embryos in the uterus were visible or the pubic symphysis was open (Kaneko, 1968 Table 1 . One asterisk (0.01<p<0.05), two asterisks (p<0.01), and ns (not significant). were regarded as mature when tubules of the cauda epididymis were clearly visible to the naked eye. In this condition, sperm was present in the tubules (Arai et al., 1983 ).
RESULTS
Coefficients of variation (CV) for the 11 skull dimensions ranged from 3.01 (I-M s in males) to 6.59 (IFL in females) in adults of the Iwakura population (76 females and 109 males). Table 2 shows that no significant seasonal variation was detectable in any of the measurements in females, or in C-M 1 , ML, Dias, IFL, NL, MW, and IOW in males in that population using analysis of variance. Therefore, all the dimensions for females and the seven dimensions for males were compared among the 15 populations sampled; in the Iwakura population;, the six seasonal samples were pooled.
Significant seasonal variation was found in CBL, ZW, C-Z and I-M 3 in males of the Iwakura population ( Table 2 ). Student's t-tests for these four dimensions (Fig. 2) revealed that specimens collected in January, March, May, and July did not differ in size, but that sample means for specimens collected in September and/or November frequently did differ from those captured during the other months. For this reason, these four dimensions taken in autumn populations were judged unsuitable for the comparison. Thus, eleven populations that had been sampled between January and August (Takizawa, Koiwai, Ryozu, Obuse, Nishito- nami, Toriitoge, Ama, Iwakura [January, March, May, and July], Fukuoka, Beppu, and Kamimasuki) (see Table 1 ) were selected for analysis of latitudinal variation of CBL, ZW, C-Z, and I-M 3 in males. , and interorbital parts (IOW and MW) were negatively correlated with latitude, whereas ML and IFL showed no relationship with latitude. In males, Dias and ZW also decreased as latitude increased. 
DISCUSSION
A positive correlation in body weight with latitude in homoiotherms has been known as Bergmann's rule (McNab, 1971) . Although body weight (BW) and head and body length (HBL) are standard measurements of size in mammals, BW and HBL vary with seasons in M. montebelli (Kaneko, 1978 ) and analysis of variance shows a significant seasonal difference in BW and HBL in the adults of the Iwakura population sampled during six different months through a year: F= 11.273 (df = 5/103) in male BW; F=2.530 (df = 5/70) in female BW; F= 15.819 (df = 5/103) in male HBL; F=2.909 (d/=5/70) in female HBL. Therefore, CBL is used as a standard measurement of body size in this vole in the following discussion, because CBL correlates significantly with BW and HBL in the adults of the Iwakura population: r= 0.595 (dj= 107) in male BW; r=0.490 (df=74) in female BW; r= 0.519 (df=107) in male HBL; r=0.535 (df=74) in female HBL.
Latitudinal variation of body size and/or skull size in Microtus does not always comgply with Bergmann's rule. Literature on the subject reveals three patterns: M. oeconomus (Tast, 1966) and M. agrestis (Southern, 1964; Tast, 1966) obey the rule; M. arvalis (Stein, 1957) , M. montanus (Hall, 1935; Anderson, 1959; Findley & Jones, 1962) , M. calijornicus (Dale, 1940) , M. longicaudus (Dale, 1940; Findley & Jones, 1962) , and M. ochrogaster (Choate & Williams, 1978) contradict the rule; and M. pennsylvanicus obeys the rule in some instances (McNab, 1971; Martell, 1975) but not in others (Dale, 1940; Goin, 1943; Snyder, 1954; McNab, 1971; Snell & Cunnison, 1983) . In M. montebelli, a reverse cor-relation with latitude was observed in CBL of both sexes (Fig. 3) . Therefore, M. montebelli seems to conform to the second pattern as far as the relationship of latitudinal variation to Bergmann's rule is concerned.
The three patterns mentioned above can be explained in terms of the distributions of the species (Zimmermann, 1942; van den Brink, 1967; Hall, 1981) 31°-43°N; M. ochrogaster, 30°-53°N ). The species that obeys the rule in some instances but not in others, M. pennsylvanicus, ranges from 33°N to 70°N. Its body and skull sizes increase toward the north at latitudes greater than 55°N (McNab, 1971; Martell, 1975) , but increase toward the south at latitudes less than 55°N (Dale, 1940; Goin, 1943; Snyder, 1954; McNab, 1971 ). The same pattern in M. pennsylvanicus can be seen in the figure by Snell & Cunnison (1983) , though they mentioned only that the largest voles occur in the south and east and smaller voles in the north and west.
M. longicaudus occurs over as broad a latitudinal range (32°-70°N) as does M. pennsylvanicus.
Without presenting evidence, Dale (1940) stated that the size of this vole increased toward thq south; Findley & Jones (1962) showed an increase in size toward the south in New Mexico (around 34°N). Bailey (1900) demonstrated that subspecies at the northern part of the range obey the rule. Thus, M. longicaudus follows the same pattern as M. pennsylvanicus.
These findings suggest that species and subspecies of Microtus at lower latitudes of the Northern Hemisphere increase in size toward the south. Alternatively, species and subspecies of Microtus at higher latitudes increase in size toward the north.
The usual explanation of Bergmann's rule is that large animals have a thermoregulatory advantage in cold climates because of their small surface-volume ratio. Hesse et al. (1951) and Mayr (1963) suggested that burrowing animals, such as Microtus, Thomomys, and Talpa, may be exceptions to the rule because they are well protected against cold, particularly in areas with snow cover. Mayr (1963) further noted that, for burrowers, the amount of food available in the winter season is the decisive factor in determining body size. However, as mentioned above, some species and subspecies of Microtus exhibit the three patterns of body size gradients with latitude even though these taxa have similar habits for burrowing. Therefore, the explanations of Hesse et al. (1951) and Mayr (1963) are not fully satisfactory, McNab (1971) studied the relationship between body size and latitude of 47 eastern North American species divided into four latitudinal ranges. He showed that negative correlations of size with latitude were common at lower latitudes whereas positive correlations were usual at higher latitudes. Thus, the three patterns of body size gradients found in the present study correspond well to his findings. McNab (1971) further revealed that latitudinal changes in size were due either to the distribution of closely-related species of carnivores and granivores or to the distribution of their prey species and he regarded this relationship as an example of character displacement. From his findings, he expected that, because the largest species of voles occur in the north, the smallest species would not conform to Bergmann's rule and would become largest in the south. However, he failed to find the smallest voles increasing towards the south and could not understand the factors determining body size of grazers such as meadow voles. Although the distributions of M. longicaudus and M. montanus and of M. pennsylvanicus and M. ochrogaster are partly sympatric in the Rocky Mountains of North America (Hall, 1981) , the body size of M. longicaudus, M. montanus, M. ochrogaster, and M. pennsylvanicus increases toward the south at low latitudes as mentioned above. Therefore, character displacement cannot fully explain latitudinal size relationships in Microtus. Kalela (1957) Reichstein (1964) found no clear geographic trends in litter size across northern and central Europe. As mentioned above, body size of M. oeconomus and M. agrestis living at high latitudes follows Bergmann's rule whereas the four species studied by Innes (1978) , in addition to M. montebelli and M. arvalis, all of which occur at low latitudes show the reverse of Bergmann's rule. Therefore, Kalela's (1957) argument can only be adopted for the species of Microtus obeying Bergmann's rule and living at high latitudes. Snell & Cunnison (1983) discussed the reverse of Bergmann's rule in M. pennsylvanicus. They predicted that during times of extremely low temperatures smaller voles would be less energetically stressed than larger voles and larger size would be actively selected against. As stated before, the body size trend of M. pennsylvanicus differs between lower and higher latitudes (Dale, 1940; Goin, 1943; Snyder, 1954; McNab, 1971; Martell, 1975; Snell & Cunnison,, 1983) . Because the number of their sample localities was greater at latitudes less than 55°N than at latitudes greater than 55°N, their data may have been biased in favor of a statistically negative correlation over the entire geographical range of the vole. If so, their predictions would apply only to voles living at low latitudes. Thus, I suggest that any adaptive significance associated with increased size in some Microtus species may differ at lower and at higher latitudes.
